Background. Neurorehabilitation interventions in children with unilateral cerebral palsy (UCP) target motor abilities in daily life yet deficits in hand skills persist. Limitations in the less-affected hand may affect overall bimanual hand skills. Objective. To compare hand function, by timed motor performance on the Jebsen-Taylor Test of Hand Function (JTTHF) and grip strength of children with UCP to children with typical development (CTD), aged 8 to 18 years old. Exploratory analyses compared hand function measures with regard to neurophysiological outcomes measured by transcranial magnetic stimulation and between group comparisons of hemispheric motor threshold. Methods. Baseline hand skills were evaluated in 47 children (21 UCP; 26 CTD). Single-pulse transcranial magnetic stimulation testing assessed corticospinal tract and motor threshold. Results. The mean difference of the less-affected hand of children with UCP to the dominant hand of CTD on the JTTHF was 21.4 seconds (95% CI = 9.32-33.46, P = .001). The mean difference in grip strength was −30.8 N (95% CI = −61.9 to 0.31, P = .052). Resting motor thresholds between groups were not significant, but age was significantly associated with resting motor threshold (P < .001; P = .001). Children with UCP ipsilateral pattern of motor representation demonstrated greater mean differences between hands than children with contralateral pattern of motor representation (P < .001). All results were adjusted for age and sex. Conclusions. The less-affected hand in children with UCP underperformed the dominant hand of CTD. Limitations were greater in children with UCP ipsilateral motor pattern. Rehabilitation in the less-affected hand may be warranted. Bilateral hand function in future studies may help identify the optimal rehabilitation and neuromodulatory intervention.
Introduction
Perinatal stroke occurring in utero or at the time of birth is a common cause of unilateral cerebral palsy (UCP) with the incidence of 1 in 2300 live births. 1 Upper limb intervention for children with UCP emphasizes motor skill development and compensation primarily targeting the more-affected (or weaker) hand for functional tasks. Even though up to onethird of individuals with UCP have bilateral lesions, the function of the less-affected hand is often assumed to be within expected norms for children with typical development (CTD). 2 Consequently, comparison of the moreaffected hand to the less-affected hand, instead of to normative data, further conceals identification of deficits in the less-affected hand. 3 Although subtle deficits in the less-affected hand are reported in the literature, these lessaffected hand deficits are often masked by the complex clinical presentation of the more-affected hand in children with UCP. 2, [4] [5] [6] Thus, intervention targeting the less-affected hand is not often a component of the child's rehabilitation plan of care. The presence of bilateral hand deficits, even if subtle in the less-affected hand, may limit the transfer of unimanual gains following rehabilitation to bimanual activities of daily living tasks. 2 Studies suggest the pattern of motor representation of the corticospinal tract, or laterality, is one of the key factors influencing motor development after injury early in life. 7, 8 One method for assessment of laterality is noninvasive brain stimulation assessment. Single-pulse transcranial magnetic stimulation (TMS) assessment of the corticospinal tract for an upper limb muscle occurs by stimulating a targeted region such as the hand knob of the primary motor cortex and monitoring electromyography responses. Surface electromyography from a hand muscle allows for visualization of the motor-evoked potential (MEP) response. Typically, in individuals without neurological conditions, we would expect to observe an MEP response in the hand contralateral to single-pulse TMS.
Laterality after hemispheric stroke or periventricular leukomalacia diagnosed prenatally or within the first year of life can be categorized with testing both the nonlesioned and lesioned hemispheres. Laterality in UCP can be categorized by TMS assessment of both the nonlesioned and lesioned hemispheres for responses on the more-affected side of the body. If the more-affected side has MEP only from the lesioned hemisphere, the laterality pattern is contralateral; if only from the nonlesioned hemisphere, the motor pattern is ipsilateral, and if from both, the motor pattern is mixed. [9] [10] [11] A contralateral motor pattern describes a MEP response in the more-affected hand following stimulation of the contralateral, lesioned hemisphere-the typical pattern. An ipsilateral motor pattern describes an absent MEP response in the more-affected hand following stimulation of the lesioned hemisphere and a present MEP response in the more-affected hand following stimulation of the nonlesioned hemisphere. A mixed motor pattern describes MEP responses in the more-affected hand following stimulation to either hemisphere. MEP responses can also be absent where no MEP response is detected following stimulation to either hemisphere including mapping areas outside of the hand knob of the primary motor cortex. Single-pulse TMS testing and subsequent categorization of children with UCP may aid in identifying predictive biomarkers of motor development and response to rehabilitation interventions. 11 Individualized protocols considering neurophysiological underpinnings will allow for greater intervention efficacy with the ability to precisely influence motor function in children with UCP. 8, 12 Pediatric, diagnosis-specific noninvasive brain stimulation protocols to guide assessment and intervention do not yet exist given the nascent field of pediatric neuromodulation. In children with UCP and typical development, data suggest that age is correlated to motor threshold of the motor cortex as assessed by TMS. [13] [14] [15] The development of interhemispheric inhibition through the establishment of the connecting fibers of the corpus callosum, as evidenced by TMS 16 and neuroimaging, 17 occurs after age 5 years and has served as a target for interventional noninvasive brain stimulation in children with UCP. 15 Hemispheric differences may contribute to the development of bimanual coordination however studies have not fully investigated the neurophysiological development of motor skills in CTD, limiting the generalizability to children with UCP and the development of noninvasive brain stimulation protocols.
The purpose of this study was to understand the motor abilities of the less-affected hand in children with UCP as compared with the dominant hand of CTD. We hypothesize that the less-affected hand of children with UCP differs from the dominant hand function of CTD regarding motor function and strength. Through a post hoc analysis, we examined the neurophysiological underpinnings contributing to differences in hand function through our analysis of laterality in children with UCP and CTD. We hypothesized that between-group motor threshold differences would exist comparing children with UCP and CTD. We also hypothesized a contralateral pattern of motor representation would be the optimal laterality type in children with UCP for the within-group analyses.
Methods

Participants
Children aged 8 to 18 years were recruited for a cross-sectional study comparing hand function and methods for localizing the primary motor cortex (clinicaltrials.gov identifier: NCT02015338). This study included (a) children with UCP secondary to hemispheric stroke or periventricular leukomalacia diagnosed within the first year of life and confirmed by neuroimaging and (b) children with typical development. Exclusion criteria for both groups of children included a history of seizures within the past 2 years, contraindications for TMS such as indwelling metal or medical devices incompatible with TMS, co-occurring diagnoses (such as acquired brain injury, neoplasm, pregnancy), communication deficits that limit a child from answering safety questions related to the TMS, and botulinum toxin or phenol intramuscular block within 6 months prior to study participation. Children with UCP from a clinical trial that was held concurrently during the timeframe of this study were also invited to participate. This study was approved by the University of Minnesota's Institutional Review Board. Written consent from all legal guardians and adult participants and assent was obtained from children.
Forty-seven children participated in the study, including 21 children with UCP and 26 CTD. The supplemental materials include a flow diagram for participants. One child with UCP was included for grip strength testing but excluded from Jebsen-Taylor Test of Hand Function (JTTHF) and MEP analysis secondary to inability to tolerate the complete testing session due to difficulty engaging in testing. Therefore, our results reflect 20 children with UCP for JTTHF and 21 children with UCP for grip testing. One CTD was excluded from all testing following consent secondary to arriving with a cast on the participant's arm from a nonstudy-related injury. In total, 46 children (21 children with UCP and 25 CTD) were included in the final behavioral analysis. Baseline characteristics for gender, age, and group specific data such as side of hemiparesis, laterality and hand dominance are reported in Table 1 .
Measures
The primary objective of this analysis was to evaluate differences between groups for outcome measures of hand function in children with UCP and CTD, including the (a) more-affected hand in comparison with the nondominant hand and (b) less-affected hand in comparison with the dominant hand. Four additional within-group comparisons on hand function measures are reported for completeness. The secondary objectives included 6 within-group comparisons of differences in hand function and motor thresholds for CTD, and children with UCP as grouped by contralateral, and ipsilateral motor patterns and 2 between-group comparisons of differences in motor thresholds for CTD and children with UCP with contralateral patterns of motor representation. Hand function was measured using speed during functional tasks with the JTTHF 18 and gross hand strength as measured by hydraulic grip dynamometry (Jamar Dynamometer, Patterson Medical, Warrenville, IL, USA). The post hoc objective was to examine the relationship between the performance on the JTTHF and grip strength with the presence of an MEP as elicited by TMS.
Behavioral Measures
Clinical measures were used to characterize both populations. Children with UCP were classified by caregivers using the Manual Abilities Classification System, with high reliability, to reflect overall bimanual hand use as hand dominance cannot be inferred due to neurological injury early in life. 19, 20 CTD completed the 10-question Edinburgh Handedness Inventory as a measure of hand dominance. 21 Participants were positioned at an adjustable-height table in a university lab setting for hand function measures with environmental distractions minimized. The JTTHF measured maximal performance of speed and dexterity of each hand for functional tasks such as writing and stacking checkers with results reported as the total time in seconds. 22 Similar to other studies in children with UCP, a 120-second maximum time limit per task on the JTTHF was established to reduce frustration in children with UCP who have greater hand impairments. [23] [24] [25] The JTTHF data included in the analyses represents the total time per hand with the writing subtest time subtracted. A lower time on the JTTHF indicates more efficient performance. Grip strength was measured using a calibrated hydraulic dynamometer set to the second rung of the device following the administration guidelines recommended by the American Society of Hand Therapists. 26, 27 Grip strength assessment was completed using a Jamar hydraulic dynamometer and has been found to have high reliability. 28, 29 For children with UCP, assistance to initially position the dynamometer was provided as needed. A maximum voluntary contraction for grip strength testing was recorded in pounds and converted to newtons for 3 trials with the average of the 3 tests used in the analysis.
Transcranial Magnetic Stimulation Measures
Motor cortex localization techniques and safety results are described elsewhere. 18, 30 Briefly, the hand knob region of the primary motor cortex was visually identified on a template brain and targeted as the starting location for motor hotspot searching. Children recruited for this study were coregistered to template magnetic resonance data with stereotactic neuronavigation (Brainsight, Rogue Research, Montreal, Quebec, Canada) (43 of 47 participants). Children recruited for this study with concurrent participation in a clinical trial (4 of 46 participants) completed the same coregistration procedures however were assessed with their individual anatomical magnetic resonance imaging data. In all children, hotspot searching commenced at 50% of the maximum stimulator output using a Magstim 200 stimulator with a 70-mm figure-of-eight coil (Magstim Company Ltd, Dyfed, UK). Surface electromyography from the first dorsal interosseous muscle of the contralateral hand was recorded for each hemisphere assessed.
Each hemisphere was assessed individually for an MEP starting at the hand knob and expanding the region assessed as needed to locate a response. Once a consistent MEP with an amplitude of 50 µV in 3 of 5 trials was observed using electromyography at the first dorsal interosseous, the maximum stimulator output was then decreased by 1% to identify the exact motor threshold of the motor hotspot. When the motor threshold was identified, further motor hotspot searching was performed using 1% less than the identified motor threshold to search the locations 1 cm anterior, posterior, medial, and lateral of the originally identified location. This process was repeated until the location with the lowest maximum stimulator output that produced a consistent MEP was identified. In children with UCP, if an MEP was observed in the hand contralateral to stimulation when assessing both hemispheres (active or resting motor threshold), contralateral motor pattern was described as "contralateral motor pattern." Children with an active motor threshold on either hemisphere were excluded from analyses specific to motor threshold but were included in the behavioral analysis of motor patterns and function.
If a consistent MEP response from surface electromyography was not observed, testing continued in the same location and the intensity was increased by 5% of the maximum stimulator output. In children with UCP, the presence of an MEP from the nonlesioned hemisphere only was described as "ipsilateral motor pattern." A "mixed" motor pattern incorporating bilateral surface electromyography recording was not assessed in this study.
Children recruited for this study were tested up to 100% maximum stimulator output (43 of 47 participants). For evaluative-only studies, we have found that children tolerate up to 100% maximum stimulator output for neurophysiological testing. Children with UCP recruited for this study and who were concurrently enrolled in a clinical trial were tested up to 85% maximum stimulator output (4 of 21 participants with UCP). For interventional studies, we have chosen to assess children up to 85% maximum stimulator output. The change in upper limit for testing is based on our experience testing a child in the context of a multiday intervention study and maximizing tolerance for testing and interventional procedures. Following behavioral and TMS testing, all children completed safety and study satisfaction measures.
Statistical Analysis
Descriptive statistics including means and standard deviations were used for continuous variables and counts and percentages were computed for categorical variables by laterality and group (children with UCP compared with CTD). The primary analysis for the outcomes JTTHF and grip strength, included 4 generalized linear models (GLM) that were fit using a Gaussian distribution with an identity link to evaluate the difference between groups by more-affected hand versus nondominant hand and less-affected hand versus dominant hand separately. Age and sex were included in the models to adjust for their potential impact, with the association between age and the outcomes assumed to be linear. Thus, the parameter estimate for age is interpreted as the increase or decrease in the outcome for a 1 year difference in age adjusted for sex and group. Because of the potential for heteroscedasticity, robust standard errors were computed for the parameter estimates using generalized estimating equations with an independent correlation structure. Parameter estimates and 95% confidence intervals are presented. P values were computed using a Wald statistic. Four paired t tests were conducted to compare between hand differences within each group of children (CTD and UCP) to summarize differences that were anticipated. In addition, 1 secondary analysis was conducted in the CTD for resting motor thresholds, 5 secondary paired t tests were conducted in children with UCP, and 2 additional GLM were fit using a Gaussian distribution with an identity link to evaluate between hemisphere differences between the lesioned hemisphere in children with UCP and the nondominant hemisphere in CTD and, the nonlesioned hemisphere in children with UCP and the dominant hemisphere in CTD. The secondary paired t tests in the children with UCP were computed by contralateral and ipsilateral motor patterns for the JTTHF, grip strength, and resting motor thresholds (in contralateral motor pattern subgroup only). A P value less than .05 was defined as statistically significant for the main effects from the GLMs and the paired t tests. No adjustments were made for multiple comparisons due to the a priori belief that the possibility of making a type 1 error was offset by the importance of identifying potential associations in this exploratory study on this topic. [31] [32] [33] We present confidence intervals to show the precision of our estimates in this early phase study. All analyses were completed using R Statistical Software, Version 3.3.0 within R-Studio, Version 0.99.902.
Results
To summarize the results, the less-affected hand of children with UCP demonstrated greater time on the JTTHF as compared with the dominant hand of a CTD. Furthermore, children with ipsilateral motor pattern demonstrated greater mean differences between hands as compared with children with contralateral motor pattern. The resting motor threshold between groups was not significant. We expand on the results below.
For neurophysiological testing, 5 children were excluded from analysis due to the following reasons: stereotactic neuronavigation equipment malfunction (n = 3), missing data (n = 1), or unable to tolerate full testing sessions (n = 1). Two children with UCP with active motor thresholds were excluded from analyses specific to resting motor threshold comparisons but were included in the behavioral analysis based on motor pattern and function (n = 2). Final neurophysiological analysis included 18 children with UCP and 21 CTD.
Hand Function Measures
Baseline hand function is displayed in Figure 1 children with UCP are differentiated by symbols. Unadjusted summary statistics for both CTD and children with UCP are presented in Table 2 .
Between-Group Results
Between-group comparisons evaluating the more-affected hand of children with UCP to the nondominant hand of CTD resulted in statistically significant group differences as expected. Holding age and sex constant in the GLM, we observed a decrease in performance for the more-affected hand in participants with UCP compared with the nondominant hand of CTD. UCP participants required an additional 195 seconds (P < .001). Similar results were observed for grip strength testing. The more-affected hand of children with UCP had a mean grip strength of −140.9 N (95% CI −180.0 to −101.8; P < .001) less compared with the nondominant hand of CTD adjusted for age and sex in the GLM.
We observed significant between-group differences when evaluating the less-affected hand of children with UCP to the dominant hand of CTD using the JTTHF, but not when comparing grip strength. Using the less-affected hand, participants with UCP took 21.4 seconds (95% CI 9.32-33.5) longer to complete the JTTHF (P = .001) compared with the dominant hand of CTD while adjusting for age and sex in the generalized linear model. Children with UCP had a grip strength 30.8 N (95% CI −61.9 to 0.31; P = .052) less for their less-affected hand compared with the dominant hand of CTD while adjusting for age and sex in the generalized linear model. Regardless of the pattern of motor representation, the less-affected hand of children with UCP differed from the dominant hand of CTD on grip strength however this result was not statistically significant. Table 2 summarizes the parameter estimates from the between-group comparisons from the 6 generalized linear models, including the estimates for age and sex.
Within-Group and Laterality Results
Children with UCP were grouped by motor patterns and included: contralateral (n = 12), ipsilateral (n = 6), and absent on both hemispheres (n = 1). Of the children identified with an ipsilateral pattern, 3 children were enrolled in a concurrent clinical trial where the maximum stimulator output was 85%. In comparison, all CTD displayed an MEP from both hemispheres with contralateral pattern to each hand with testing (n = 21). In 17 of 18 children with UCP, an MEP was present on the nonlesioned hemisphere with a MEP response measured from the contralateral less-affected hand.
For children with UCP and contralateral motor pattern, the mean time on the JTTHF for the less-affected hand was 47.3 seconds. For children with UCP and ipsilateral motor pattern, the mean time on the JTTHF for the less-affected hand was 66.7 seconds and greater limitations in grip strength in either hand were observed as compared with children with contralateral motor pattern. Regardless of the patterns of motor representation, the less-affected hand of children with UCP differed from the dominant hand of CTD (Table 3 ). In comparison to children with UCP, CTD's dominant hand performance on the JTTHF had a mean score of 32.1 seconds compared with 53.2 seconds in the children with UCP.
Within-group comparisons examined the differences between hands with the JTTHF and grip strength. Comparing children with UCP grouped by laterality for between-hand differences on the JTTHF, we observed a mean difference between the more-affected hand and lessaffected hand of 102.2 seconds (P = .004) for the 12 children with contralateral reorganization and 306.5 seconds (P = .011) for the 6 children with ipsilateral reorganization. CTD's nondominant hand versus dominant hand difference was 6.5 seconds (P < .001). Comparing grip strength between hands for children with UCP, we observed a mean difference between the more-affected hand and less-affected hand of −110.4 N (P < .001) for children with contralateral reorganization and −152.8 N (P = .018) for children with ipsilateral reorganization. In CTD, grip strength of the nondominant compared with the dominant hand was −14.3 N (P = .009). The estimates of the mean difference withingroup, 95% confidence intervals, and P values are presented in Table 3 . 
Transcranial Magnetic Stimulation Measures
Between-Group Results. Between-group comparisons of motor thresholds were not significant comparing the lesioned hemisphere of children with UCP, contralateral motor pattern only, to the nondominant hemisphere of CTD (P = .137) and the nonlesioned hemisphere of children with UCP (contralateral motor pattern only) to dominant hemisphere of CTD (P = .568). Age was significant as it relates to motor thresholds in the GLM adjusted for group and sex (both P < .001). Figure 3 displays the individual resting motor thresholds by hemisphere providing a visual comparison between groups of children with UCP and CTD.
Within-Group Results. Within-group differences were observed for the average resting motor threshold of each hemisphere for the children with UCP (contralateral motor pattern only), but not CTD (Table 3 ). Comparing hemispheres, the average resting motor threshold had a mean difference of 9.4% maximum stimulator output (P = .004) for the children with UCP (contralateral motor pattern only). The average resting motor threshold in the lesioned hemisphere was 65.00% maximum stimulator output (n = 10) and the nonlesioned hemisphere was 56.25% maximum stimulator output (n = 16). In comparison, between hemisphere differences in the average resting motor threshold in CTD was 0.4% maximum stimulator output (P = .765). The nondominant hemisphere of CTD had an average resting motor threshold of 57.24% (n = 21) and the dominant hemisphere of CTD had an average motor threshold of 56.81% (n = 21).
Discussion
Hand Function Measures
As expected, the more-affected hand of children with UCP demonstrated deficits in timed motor performance and strength. Significant differences in the JTTHF of the lessaffected hand of children with UCP as compared with the dominant hand of CTD were observed. Our observations are consistent with previous reports of deficits including kinematic differences (reliance on feedback strategies instead of feedforward programming during reaching toward a target 34 and impairments in movement duration and time to peak hand speed during reaching 35 ) and grip (subtle changes in the grip-lift movement, 36 gross manual dexterity, 37 and grip strength [37] [38] [39] ). Deficits in timed motor performance may be a target for intervention clinically and in research and warrants pursuit of a larger trial. 24, 37 The mean of the differences between hands observed within both groups revealed CTD have performance and strength similarities between the hands in contrast to children with UCP who display large differences between hands. In our study, CTD displayed relatively small differences between hands for grip strength and time motor performance (Table 3) . We observed a large mean difference between hands for grip strength and timed motor performance comparing hands within children with UCP stratified by patterns of motor representation (Table 3) .
Previous investigations have reported the differences between hands in grip strength is unrelated to bimanual hand function in children with UCP. 24 However, bimanual hand function is one component of effective hand use for daily tasks. Strength deficits between sides could direct selection of rehabilitation techniques. For example, if the difference between hands in grip strength parallels the expected differences in CTD, bimanual therapy may be indicated to facilitate bimanual hand use. Conversely, if the difference between hands in grip strength exceeds the expected differences in CTD, constraint-induced movement therapy may be more appropriate to facilitate the use and strength of the more-affected hand. 40, 41 There is no current consensus on the optimal therapy for individuals with UCP (bimanual vs constraint-induced movement therapy).
Optimal clinical decision making incorporates the multifaceted components of general limb usage and may take into consideration differences in strength.
Transcranial Magnetic Stimulation Measures
When evaluating the children with UCP motor performance on the JTTHF and grip strength based on patterns of motor representation, there are significant differences in the moreaffected hand baseline abilities between the motor pattern groups consistent with previous reports. 9, 10 The mean time on the JTTHF and grip strength differed for children based on the motor pattern warranting additional investigation to determine the discriminative sensitivity of our behavioral measures. Other data suggest the patterns of motor representation is not indicative of responsiveness to intervention. 12, 25 Further examination of the neurophysiological relationship between baseline motor pattern and the components of intervention is critical for the design of individualized interventions in the future. This study did not include investigation of the "mixed" reorganization pattern meaning a MEP is observed in the more-affected hand following TMS to both the nonlesioned and lesioned hemispheres. Therefore, it is possible that children within the contralateral group may in fact have a "mixed" pattern affecting their abilities on the JTTHF. For children with ipsilateral and mixed motor patterns, decreases in function of the less-affected hand may be attributed to a shared nonlesioned hemisphere that controls the more-affected and less-affected hand. Our data showing differences based on reorganization pattern contribute to the neurophysiological underpinnings of motor performance. 42 Our between-group analysis of motor threshold data did not detect a statistically significant difference between children with UCP and CTD. Others have reported significant motor threshold differences between diagnostic groups of children with Tourette's syndrome 43 and typical development and in children born early preterm birth (≤32 weeks gestational age) as compared with late preterm (33-36 weeks gestational age) and term-born (37-41 weeks gestational age) groups. 44 Pitcher et al 44 proposed that the lower cortical excitability as reflected by a higher resting motor threshold in children with early preterm birth may reflect weaker connectivity between the primary and secondary motor areas. Future studies will contribute to our understanding of motor thresholds and its impact on motor development in CTD and children with UCP.
Within-group threshold differences observed in children with CTD were comparable to the ranges previously reported by Garvey et al 14 who used a similar methodology, however, threshold differences based on the dominant hemisphere differed. In our study, 14 of 21 CTD displayed a dominant hemisphere threshold was lower than the nondominant hemisphere. This finding is inconsistent with previously reported findings wherein the dominant hemisphere displayed a lower MEP threshold in all 31 CTD. 11 The ratio of hemispheric threshold differences may be a consideration for the individualization of noninvasive brain stimulation paradigms in children with UCP with bilateral MEP. The use of a common data set in reporting TMS testing parameters will allow for greater pooling of data and comparison of populations in future studies.
For clinical application, we observed deficits in speed and strength of the less-affected hand in children with UCP as compared with the dominant hand of typically developing peers. Therefore, assessment of the lessaffected hand should be incorporated into clinical and research protocols. Inclusion of the less-affected hand in skill development may optimize the more-affected hand as a functional assist.
In the construct of neuromodulatory/cortical excitability research protocols, we observed similar motor thresholds in our study between groups of children with UCP and CTD. We found that age was a significant factor in thresholds and would recommend incorporation of this into future study designs (eg, single-or paired-pulse protocols).
Limitations
Our use of TMS provides a preliminary categorization of the children's pattern of motor representation. However, the presence or absence of an MEP may not be a sensitive enough neurophysiological marker to distinguish levels of performance and function. Perhaps other neurophysiologically based testing paradigms such as motor mapping could provide greater ability to discriminate functional groups and predict functional recovery in children with UCP. The presence of neurophysiological responses and the child's functional performance was explored in this sample of children with UCP and typical development; however, conclusions regarding the ability to predict hand function based on patterns of motor representation are limited. Of the 3 children who were assessed up to 85% maximum stimulator output, we cannot fully rule out that these 3 children would have an MEP if tested up to 100% maximum stimulator output. Conclusions are limited due to sample size and the inability to a priori stratify our UCP sample (based on the Manual Abilities Classification System levels, or corticospinal tract reorganization pattern). Breaks were provided as needed to minimize the influence of testing fatigue. An expanded neurophysiological assessment in future studies, including additional measures of cortical excitability such as motor mapping and MEP amplitude could provide additional insight into the neurophysiological contributions to the children's motor performance. Analysis methods including the ratio of lesioned versus nonlesioned resting motor threshold or MEP amplitude may yield a more sensitive measure. Further study of these measures and analyses in children with and without UCP is warranted.
The potential exists that in our study, the children with UCP categorized as having contralateral motor pattern may indeed have bilateral motor pattern (meaning the contralesional hemisphere is contributing to movement of the more-affected hand). Others with similar methodologies and equipment have reported the presence of bilateral motor pattern in approximately 30% of pediatric UCP samples. 45 Based on these reports, one could infer that a portion of the 12 children with contralateral motor pattern in our sample have bilateral motor pattern although this is speculation and was not tested. Future studies incorporating bilateral electromyography to quantify the percentage of MEPs and average amplitude elicited with stimulation to each hemisphere would aid in discerning the subtypes based on motor patterns.
Conclusions
In this study, deficits in timed motor performance and grip strength were noted in the less-affected hand of children with UCP as compared with CTD. The data suggests that the less-affected hand does not function the same as a dominant hand of a typically developing peer. Collectively, this information leads us to implications for intervention in the less-affected hand. The results of this study may be useful when considering the scope of clinical assessments and greater consideration of the less-affected hand function while goal setting during rehabilitation clinical examinations is warranted.
Future larger studies may consider stratifying samples based on neurophysiological reorganization pattern. The findings of this study with regard to differences between hands and hemispheric motor thresholds may influence future study design of novel rehabilitation interventions. Reporting the quantification of the differences in hand function and hemispheric neurophysiology may allow for discernment of clinical trial results and aid in translating the findings to clinical populations. The reporting of these differences will contribute to the prediction of responders in neurorehabilitation interventions.
